A method for the determination of 42 hazard residues required by 'Japan Positive List System' in bottled water was described. Hazard compounds in bottled water were extracted with a solid phase extraction step using C18 disks. Determination was carried out by gas chromatography/mass spectrometry (GC/MS) and liquid chromatography-tandem mass spectrometry (LC/MS/MS). The disk extraction has high throughput which is well adapted to isolate and enrich these compounds from large volumes of water. For the water sample spiked at three concentration levels (LOQ, 4 times LOQ and 8 times LOQ), the recoveries of all analytes ranged between 65% and 120% with a relative standard deviation , 24% (n ¼ 8).
INTRODUCTION
It is very important to human health to ensure the safety of drinking water. The increasing application of chemical compounds has caused the pollution of air, soil, ground and surface water which involves a serious risk to human health due to either direct exposure or through residues in food and drinking water. With microanalysis technology development, recognition that the trace amount of hazardous residues in drinking water could affect human health has been developed constantly. As they are persistent in water for a long period of time, the chronic toxic effects of contaminants through long-term exposure to humans is worth noting. In recent years, pollutant residues in beverages have been found frequently. In 2003, a lab in India reported the presence of pesticides, greatly exceeding European standards, in a dozen popular beverages (Vedwan 2007) . In Thailand, the herbicide atrazine was detected in drinking water. This proves that the present treatment steps are not sufficient for removal of such pollutants (Kruawal et al. 2005) .
Owing to health concerns, strict regulations have been set for the concentrations of organic compounds in drinking water both in America and in the European Union. In 2006, Japan implemented the 'Positive List System' which has greatly increased the testing requirements for maximum residue limits (MRLs) of agricultural chemicals in food, including water (The Japan Food Chemical Research Foundation 2005) . MRL standards for hazard residues in water were established (Tables 1 and 2). For the determination of multiple residues in water, it is a key procedure to concentrate the trace amount compounds. For example, the MRL of aldrin in bottled water is 0.03 mg l 21 as a requirement of the 'Positive List System'. Traditional liquid-liquid extraction and solid phase extraction (SPE) cartridges which have been applied to determine the levels of pesticides in water, are labour-intensive procedures (Pichon et al. 1993) , and are unable to achieve the desired high degree of enrichment (Chlron et al. 1993) . Membrane extraction disk is an alternative trace-enrichment technique, which is also based on the SPE principle. Its main advantage over SPE cartridges is increased productivity permitted by the relatively high flow rates. In general, the time required for the extraction of various hazard residues doi: 10.2166/wh.2009.104 using disks is half of that using cartridges (Barceló et al. 1994) . Therefore, with the technique of membrane extraction disks it is easy to increase the sample volume in order to enhance the sensitivity of detection. At present, the membrane extraction disks have been used widely to analyse chemical compounds in water (Brouwer et al. 1992; Hodgeson 1992; Trˇíska 1995; Chee et al. 1996; Martín et al. 1996; Munch & Bashe 1997) .
In this work, we utilize the techniques of membrane extraction disk, GC/MS and LC/MS/MS to develop a simultaneous determination method of 42 hazard residues in bottled water. The limit of quantitation of the method satisfies the requirement of the 'Japan Positive List System' and recoveries, precisions and other indexes are suitable for residue determination.
METHODS

Reagents and standards
Unless otherwise specified, all reagents should be of analytical grade. Chemical compounds given in Tables 1 and 2 Note: Quantitation ions are marked with an asterisk. 
Sample preparation and extraction
One litre of bottled drinking water was allowed to equilibrate to room temperature in a narrow mouth amber glass bottle. The pH value of the water sample was adjusted to 2.5 with 1 mol l 21 hydrochloric acid. Analyte standards were spiked into water samples.
Ten millilitres ethyl acetate and 10 ml acetone were poured onto the disk for cleaning and drawn through the disk immediately by moderate vacuum (15 mm Hg/50 kPa).
The condition of vacuum was maintained for 5 minutes to remove all solvent. A volume of 1 l of spiked water sample was passed through a C18 or C8 preconditioned membrane disk (all types of disk were activated by passing 10 ml of methanol and 10 ml of distilled water through them).
The vacuum level was adjusted to provide a flow rate of approximately 50 ml/minute. The disk must not go dry until the entire sample has been processed. The adsorbed chemical compounds were then slowly eluted with the 20 ml solution of acetone þ n-hexane. After dehydration with anhydrous sodium sulfate, the organic phase was evaporated to 2 , 3 ml on a rotary evaporator using a water bath at 408C. The remaining organic phase was transferred to a 15 ml graduated test tube. The flask was rinsed with 6 ml acetone three times. Each rinse was transferred to the same test tube. The solution in test tube was evaporated to less than 0.5 ml in a water bath at 408C under a gentle stream of nitrogen, diluted exactly to 1 ml with acetone and injected into GC/MS and LC/MS/MS system. increases from 5% to 90% and is maintained at 90% to 11 min; from 11 to 11.5 min, the percentage of eluent B linearly decreases from 90% to 5% and is maintained at 5%
GC/MS conditions
to 16 min.
The mass spectrometer was operated in the positive or negative mode. Nitrogen was used as nebulizer gas (5.0 l min 21 ), auxiliary gas (7.0 l min 21 heated to 5008C), curtain gas (9.0 l min 21 ) and as CAD gas (5.0 l min 21 ). Ion spray voltage was set to 4,500 V for positive EI and 
RESULTS AND DISCUSSION
The selection of solid extraction disks and eluents
Octyl-and octadecylsilane SPE membrane (C8 and C18, respectively) were used to compare the extraction capability for the residues in water. n-Hexane and acetone were considered to elute the analytes from disks. Consistently with the hydrophobic character of octyl-and octadecylsilane SPE membrane, n-hexane seemed appropriate for eluting. Acetone is a strong solvent which is suitable for dissolving different polar compounds. The results showed that when either n-hexane or acetone was used to elute disks, C18 all provided better recoveries than C8. When C18 disks were used, the elution efficiency of acetone was better than that of n-hexane for determining 27 compounds by GC/MS. For determining 15 compounds by LC/MS/MS, the elution efficiency of n-hexane was better than that of acetone. Therefore, the C18 disk was selected for the enrichment of analytes in the water sample and the solution of acetone þ n-hexane (1:1, V/V) was used to elute analytes in the disk.
Effect of pH value of the water sample
The recovery efficiencies of each analyte were investigated in the pH range of 2.0 , 10.0 by using 1 mol l 21 HCl and NaOH to adjust the pH value of the water sample. The results showed that better quantitative recoveries of analytes were achieved under acidic conditions compared with neutral or alkaline conditions. In particular, the quantitative recoveries of analytes determined by LC/MS/MS were best at a pH value of 2.5. For the compounds determined by GC/MS, The recoveries at pH 2.0 were consistent with pH 2.5, except that the recoveries of molinate and trifluralin were slightly higher. Judging from these results, pH 2.5 was selected as the pH of the sample for the simultaneous preconcentration of multi-residues.
Effect of the eluent volume on the recoveries of the analytes
The effect of eluent volume on the recoveries of the analytes was studied by using the solution of acetone þ n-hexane
(1:1, v/v). For several analytes of terbuthylazine, chlorpyrifos, methoxychlor, carbofuran and 2,4-D chosen at random, the relationship of their mean recoveries (n ¼ 5) and the eluent volume is shown in Figure 1 . By increasing the volume from 5 ml to 20 ml, their recoveries increased significantly. Moreover, compared with 20 ml, the Therefore, the volume of 20 ml eluent was used in the following experiments.
Validation of the method
Multi-level calibration curves were created for the quantification using standard solutions of the analytes in acetone.
Method detection limits (MDL) were determined at a signal-to-noise ratio of 3 and the limits of quantification (LOQ) were determined as the lowest concentration in the linear range of each analyte. MDLs and LOQs are shown in Table 3 . with a relative standard deviation ,24% (n ¼ 8) (Table 3 ). 
